Background: Prior studies show that men are more likely than women to defer essential care. Enrollment in high-deductible health plans (HDHPs) could exacerbate this tendency, but sex-specific responses to HDHPs have not been assessed. We measured the impact of an HDHP separately for men and women.
H igh-deductible health plans (HDHPs) are the fastest growing health insurance products in the United States. 1 HDHPs generally have lower premiums compared with traditional plans. These low premiums result from many services being subject to high annual deductibles, which are generally paid by members out-of-pocket. 2 HDHP membership tripled between 2006 and 2012, 1-3 and 34% of workers now have health plans with deductibles of at least $1000. 1, 2 The Affordable Care act will likely accelerate both the availability and uptake of HDHPs through both employer-sponsored and exchange-based health insurance because of their greater upfront affordability, and disincentives in the act for purchasing more generous (Cadillac) health plans. 4 By charging patients directly for certain types of care, HDHPs are intended to reduce discretionary health care such as lower severity visits to the emergency department (ED), while simultaneously maintaining appropriate use such as preventive visits, screenings, and high acuity care. 5 Previous research has found that ED utilization follows this pattern in the overall population, [6] [7] [8] but it is not known whether these effects are the same among both men and women. Alongside growth in HDHP plans, ED utilization has also increased in recent years, with the largest increases among those who may face financial barriers to access. 9 Prior research has not examined sex-specific impacts of high cost sharing, but evidence suggests a need for such analyses. Although men generally have higher socioeconomic status than women, they are less likely to seek and receive needed health care. [10] [11] [12] [13] [14] Sex differences in health care utilization are well documented; females use more preventive care and prescription medications than males. 12, 15, 16 Women also use emergency care with greater frequency 15 and resource intensity than men. 16 These discrepancies in care patterns may be partially explained by sex differences in health care needs across the age spectrum, and sex-specific types health care services (reproductive health care, sex-specific cancers, etc.). 14, 15 But other factors are also at play. Behavioral and attitudinal differences (such as masculinity beliefs) also influence health care use and health seeking behaviors. 13, [17] [18] [19] Because impacts of clinical and policy interventions may differ for males and females, the Institute of Medicine has recommended reporting sex-specific findings in clinical and translational research. 20 Therefore, we investigated the impact of transition to an HDHP and changes in ED care and hospitalizations separately for men and women.
METHODS

Setting
Harvard Pilgrim Health Care is a health insurance plan that covers approximately 1 million individuals in New England that began offering HDHPs in 2002. These HDHPs had individual deductibles ranging from $500 to $2000 and family deductibles from $1000 to $4000. Full coverage is available after exceeding the individual deductible or if the family's combined expenses exceed the family deductible. ED and hospital care (and most other institution-based services) are subject to the deductible. After exceeding the deductible, members also have $100 copayments for ED visits, but these are waived if they are admitted to the hospital from the ED. The HDHP benefits structures analyzed here have been discussed in detail in prior studies, 7, 21, 22 and are similar to those for HDHPs nationally. 2 We estimate that fewer than 2% of the HDHP members studied had health reimbursement accounts, and none had health savings accounts. The traditional health maintenance organization (HMO) members we studied faced copayments for in-network ED care (between $30 and $100) and outpatient visits (between $5 and $25). Inpatient copayments for HMO members ranged from $0 to $1000, with a median of $250.
Study Groups HDHP Group
We identified Harvard Pilgrim members who were insured between April 2001 and February 2008 with at least 1 year of continuous traditional HMO enrollment followed by at least 6 months in the HDHP. We chose members whose Massachusetts-based employers offered only 1 health plan and who remained with the same employer for the entire period. Because their employers offered a single choice of plans and switched all employees to an HDHP, members in the HDHP group were unable to self-select their health plan. We identified an index date for each member (the date of the employer-mandated switch to an HDHP), a 12-month baseline period, and a 6-to 24-month follow-up period. Members with missing descriptive data or fewer than 6 months of follow-up (N = 130) were excluded from the analysis. After restricting our analysis to adults aged 18-64 years, our final HDHP cohort included 12,537 members.
HMO Group
We identified Harvard Pilgrim members from Massachusetts employers enrolled in traditional HMO plans during the same 2001-2008 eligibility period and whose employers did not offer HDHPs, any other plan type, or non-Harvard Pilgrim plans, and we used 3:1 nearest neighbor propensity score matching methods (described in detail elsewhere) to construct an HMO control group of 37,611 contemporaneously enrolled members aged 18-64 years. 8, 21, 23, 24 The propensity score models used logistic regression to predict the likelihood of switching to an HDHP versus remaining in a traditional HMO based on age, sex, adjusted clinical groups score, neighborhood education and poverty levels (from census-based geocoded data, see below), family versus individual plan, index date, employer size, and baseline outpatient, ED, and hospital copayments. We also conducted sensitivity analyses using 2:1 and 1:1 matches. The HDHP and control groups had access to the same network of physicians and faced the same Harvard Pilgrim utilization controls.
ED Utilization
We identified ED visits from the Harvard Pilgrim administrative claims database and used a validated 7,25 modification of the Billings ED visit classification algorithm 26 to categorize visits as low, intermediate, or high severity based on the probability that the diagnosis required ED-level care. Prior research has established that such visits are associated with corresponding low, intermediate, and high likelihood, respectively, of death 25 or hospitalization. 7 High severity visits were considered necessary care, and low severity visits were considered discretionary use of emergency care, consistent with previous studies. 7, 8 Among the men and women in our study population, the most common reasons for high severity ED visits were kidney stones, depressive disorders, and cardiac dysrhythmias/irregular heartbeat, and for intermediate severity visits, the most common reasons were chest pain, finger wounds, and abdominal pain. The most frequent reasons for low severity visits were headache, discomfort in legs, arms, elbows or knees, and sore throat.
We summed ED visits on an annual basis for each member starting 1 year before the index date. Quarterly visit rates for the baseline and follow-up years, among men and women and calculated for both HDHP and HMO members, are presented in Figure 1 . We calculated total annual ED expenditures, the sum of Harvard Pilgrim and member outof-pocket expenditures as listed on claims.
Hospital Utilization
We identified hospitalizations based on the Harvard Pilgrim claims and summed annual hospitalizations per member. To exclude lower acuity day hospitalizations that often represent planned procedures (such as colonoscopy or arthroscopy), we included only admissions directly from the ED and overnight hospitalizations. We calculated total annual hospital expenditures using all claims during members' hospitalization dates after excluding ED and outpatient claims. Both HDHP and control group members could have >1 ED visit or hospitalization accrue toward the total each year, and our methods adjust for within-person correlation using clustered standard errors (described below). Quarterly visit rates for HDHP members and HMO controls are shown for males and females in Figure 1 .
Control Variables
Members' sex (male or female) is based on enrollment data in the Harvard Pilgrim administrative claims. To create measures of socioeconomic status, we linked members' residential street addresses to their 2000 US census block group and generated a socioeconomic status index based on neighborhood poverty and high school education levels. To estimate comorbidity, we applied the adjusted clinical groups algorithm, 27 to each member's 12-month baseline period. The adjusted clinical groups score is a validated methodology based on age, sex, and International Classification of Diseases, 9th revision (ICD-9) diagnostic codes derived from claims. 28 Other covariates included age, employer size, and whether members were in individual or family plans.
Statistical Analyses
We compared baseline characteristics of our study groups using w 2 tests for categorical variables and t tests for bivariate comparisons. We used a difference-in-differences analysis with the individual member as the unit of analysis to examine whether changes in ED and hospital utilization during follow-up years 1 and 2 compared with baseline differed between HDHP members and HMO controls. We used Poisson regression to model the independent association between HDHP status and visit count and expenditure outcomes after controlling for age, employer size category, ACG score, and whether members were in individual or family plans. 29 We included the index date in models to adjust for secular trends over time in health care utilization, and we adjusted for followup duration. All statistical models used generalized estimating equations to adjust for clustering of events within individuals between the baseline and follow-up years. 30, 31 We also created regression models that adjusted for employer-level clustering, and the results supported the main analysis, which accounts for clustering at the individual level. Models were stratified by patient sex and used interaction terms between study group and follow-up years 1 and 2 to assess impacts of an HDHP transition. Analyses were conducted using SAS Statistical Software, version 9.2.
The study was approved by the Harvard Pilgrim Health Care Institutional Review Board and exempted from review by relevant boards at the University of Minnesota and the University of British Columbia.
RESULTS
Baseline Characteristics
The sex mix between the HDHP group and the control group was similar (HDHP group, 47.9% male; control group, 49.0% male), and characteristics of males and females were broadly similar across demographic, health insurance, clinical, and socioeconomic variables ( Table 1) . Among males, the HDHP and control groups had comparable rates of family plan participation (HDHP, 60.8%; control, 61.2%). However, the HDHP group was less likely to be insured through a small firm with fewer than 50 employees (71.6% vs. 79.4%, P < 0.001). Among females, HDHP members were less likely to participate in a family plan (HDHP, 57.4%; control, 61.3%; P < 0.001) and less likely to be insured through a small firm compared with HMO controls. Socioeconomic status was similar for males and females, reflecting an upper-middle class population with over half of members living in neighborhoods with fewer than 5% of households living in poverty and approximately 3/4 living in neighborhoods where at least 85% of adults have a high school education. For both sexes, the members in the control group resided in neighborhoods with relatively higher levels of income and education, compared with the HDHP group (P < 0.001 for neighborhood income and education levels, among both males and females). [À 37.4 to À 5.7], and high severity À 34.4% [À 62.1 to À 6.7], respectively). By the second follow-up year, the relative reduc-tions in emergency visits at each of the severity levels were no longer statistically significantly different than baseline levels. These results are also illustrated in Figures 1A and C , which show unadjusted quarterly visit rates for ED care and hospitalization for male HDHP members compared with HMO controls, in the baseline and follow-up years.
Utilization Among Male Members Whose Employers Switched Them to an HDHP
ED expenditures also declined among HDHP males from baseline to year 1, compared with controls (À 16.2% [À 31.2 to À 1.2]), but these expenditure reductions were not sustained through the second follow-up year. In the follow-up year 1, total hospitalizations decreased dramatically among men who transitioned to an HDHP (À 24.2% [À 45.3 to À 3.1]), compared with HMO controls. By year 2, the hospitalization rate had returned to baseline levels for male HDHP members. Between follow-up years 1 and 2, hospitalizations of male HDHP members increased by 30. Figure 1 highlights similar pretreatment trends in HDHP and HMO groups for both men and women. The figure also shows sex-specific patterns of care in response to transition to an HDHP, with differences being particularly notable for and hospitalizations (Figs. 1C vs. D).
DISCUSSION
Our results suggest that male and female members follow different health care utilization patterns after transition to an HDHP, with men's response of an across-the-board re-duction in emergency visit being of particular concern. Studies that do not separately analyze HDHP impacts by sex or ED visits by severity may mask important differences in how men and women respond to health plan benefit designs. These differences have important implications for clinicians who are increasingly caring for patients with high levels of cost sharing. They also have health and cost implications for employers, health plans, and beneficiaries themselves.
HDHPs aim to incentivize members to reduce inappropriate health care (eg, utilizing the ED for low-severity visits), whereas maintaining appropriate use of preventive and necessary services. 5 In our study, the HDHP seemed to act as a "blunt instrument" among men, reducing emergency visits across all severity levels and hospital care in the year following transition to an HDHP. This is a previously unknown effect of high-level cost sharing; past studies-that have not done sex-stratified analysis-have always detected selective reductions of lower severity ED visits in the overall population. 7, 8, 32 The initial across-the-board reduction in care among men was followed by a year in which emergency care did not differ appreciably from baseline levels but hospitalizations increased by 30.1%, which is also illustrated in Figure 1C . This substantial swing in hospital utilization (and ED utilization to a lesser degree) are consistent with the hypothesis that men who transition to HDHPs may forego needed care in the immediate term, resulting in delays or increased severity of illness when care is later sought and received. Although hospital visits increased for male HDHP members between follow-up years 1 and 2, there was no measurable impact on hospital expenditures, perhaps indicating less intensity of hospital care or shorter length of stay. It is important to note that some of the ED visit reductions experienced by male HDHP members, especially those for low-severity visits, may comprise a clinically appropriate and value-enhancing modification of health care utilization patterns. The most concerning aspect of men's response patterns to HDHPs is that ED utilization was not differentially impacted by visit severity.
In contrast, women seemed to respond to the HDHP largely as intended, maintaining stable rates of intermediate and high severity care and limiting reductions in ED utilization to low severity visits. Utilization patterns in their second follow-up year might be more likely to represent a learning effect as opposed to a more predominant deferred care effect among men. The baseline visit rates and expenditures for males and females shown in Table 2 indicated that women had comparatively higher rates of low-severity emergency visits at baseline, which might have allowed for greater reduction of such care following transition to an HDHP. More frequent hospitalizations and greater hospital expenditures among women at baseline, compared with men ( Table 2) , likely reflect the role of maternity-related hospitalizations in driving higher utilization rates. The reduction in hospitalizations among female HDHP members compared with controls in follow-up year 1 may reflect changes in childbirth-related plans following transition to an HDHP. Injury-related emergency care, including self-inflicted injury, is more frequently required and sought by men, compared with women, and is also associated with higher rates of hospitalization among men versus women 33, 34 ; however, childbirth is distinguished by the possibility of planning and prevention in a way that high acuity injury care is not.
Although no prior studies have focused on the impact of an HDHP transition on males and females separately, extensive qualitative and exploratory research documents lower levels of health care utilization among males and suggests that adult men's health care avoidance is due in part to masculinity ideals that link "manhood" with a reluctance to ask for help; studies in population-based samples confirm that masculinity beliefs manifest in males exerting independence and self-reliance by not seeking needed care. 13, 18, [35] [36] [37] Our findings suggest that the substantial financial barriers of HDHPs might exacerbate the tendency of men to delay or forego needed care, possibly leading to adverse health consequences. As such, clinicians may play an important mitigating role by cultivating professional awareness of how changes in health plans may impact utilization, especially for males. Health care providers may also use clinical encounters as an opportunity to emphasize the importance of seeking appropriate care and to discuss patient concerns regarding out of pocket costs.
These results are also important in a policy context. A primary aim of HDHPs is to slow the growth in health care costs and to reduce overall expenditures by exposing patients to some of the costs of care. Our analysis showed that tran-sition to an HDHP has mixed results on producing cost savings by reduced expenditures, with evidence of potential cost savings by year 2 for ED visits among women but not among men or for hospital care; however, further research on financial impacts is needed. HDHPs are rapidly expanding, especially among employer-sponsored health insurance plans, 1, 2 and the Affordable Care Act may accelerate this growth. 4 Starting in 2014, the plans most affordable to small employers and individuals in state-based exchanges (the "bronze plans," with a 60% actuarial value) will likely be HDHPs, 38 and our analysis indicates that male HDHP members may seek to reduce out-of-pocket spending by avoiding needed emergency care, resulting in potentially greater future health care needs rather than the cost savings that the HDHP is intended to promote. To address this, health plans, employers, or clinicians may want to develop educational interventions to inform HDHP patients about their benefit structures, the risks of avoiding needed care due to costs, and to identify HDHP members at high risk of delaying or foregoing necessary services. Employers that primarily hire men might want to carefully consider whether HDHPs are the optimal choice of coverage. Sex-specific strategies may be developed to account for the role of masculinity beliefs in contributing to the patterns of care uncovered in this analysis.
Several limitations of our study should be noted. The administrative data used in our analysis contain few direct measures of health and socioeconomic status. We selected a population whose employers mandated a switch to an HDHP, thus reducing the potential for selection bias on the part of the member; however, it is possible that employers may have chosen plans based on employee preferences, health status, or prior expenditures. Even so, there are limited threats to the internal validity of this study as any such factor would have to differentially impact HDHP male and female members, compared with male and female HMO controls, at the time of the transition to an HDHP.
Generalizability is limited by several factors including the specific deductibles of the plans we studied, whichalthough common during the time period of this study 39 -are not as high as some current commercial plans and the focus on employer-based coverage and our focus on primarily small employers, though these represent the fastest growing segment of an HDHP growth. The findings we uncovered may even be more pronounced in benefit plans or settings with a lesser focus on prevention. The potential generalizability is strengthened by the fact that the ED utilization rates in our study population (210.8 visits per 1000 members/y at baseline for male HDHP members and 206.7 for women in HDHP plans) are comparable to national estimates of 188.7 [152.3-225.1] among privately insured US adults in 2007. 9 
CONCLUSIONS
Men seemed to have a concerning response to an HDHP transition. Initial across-the-board reductions in ED and hospital care followed by increased hospitalizations might indicate that male HDHP members postponed needed care in the first follow-up year. Female HDHP members seemed to respond more appropriately, reducing low-severity emergency visits and preserving high and intermediate-severity visits in the first follow-up year. Although the US health reform debate has appropriately highlighted challenges women face in receiving evidence-based care, 20,40 less attention has been focused on how men will fare. As the health care environment undergoes substantial change in the coming years, it will be essential for policy research to separately evaluate effects on men and women. Absent sex-differentiated analyses of health care utilization in response to benefits design, researchers, policymakers, and clinicians risk overlooking a surprisingly vulnerable group (insured males) that might benefit from novel and targeted interventions.
